Aims Seed dormancy varies within species in response to climate, both in the long term (through ecotypes or clines) and in the short term (through the influence of the seed maturation environment). Disentangling both processes is crucial to understand plant adaptation to environmental changes. In this study, the local patterns of seed dormancy were investigated in a narrow endemic species, Centaurium somedanum, in order to determine the influence of the seed maturation environment, population genetic composition and climate. † Methods Laboratory germination experiments were performed to measure dormancy in (1) seeds collected from different wild populations along a local altitudinal gradient and (2) seeds of a subsequent generation produced in a common garden. The genetic composition of the original populations was characterized using intersimple sequence repeat (ISSR) PCR and principal co-ordinate analysis (PCoA), and its correlation with the dormancy patterns of both generations was analysed. The effect of the local climate on dormancy was also modelled. † Key Results An altitudinal dormancy cline was found in the wild populations, which was maintained by the plants grown in the common garden. However, seeds from the common garden responded better to stratification, and their release from dormancy was more intense. The patterns of dormancy variation were correlated with genetic composition, whereas lower temperature and summer precipitation at the population sites predicted higher dormancy in the seeds of both generations. † Conclusions The dormancy cline in C. somedanum is related to a local climatic gradient and also corresponds to genetic differentiation among populations. This cline is further affected by the weather conditions during seed maturation, which influence the receptiveness to dormancy-breaking factors. These results show that dormancy is influenced by both long-and short-term climatic variation. Such processes at such a reduced spatial scale highlight the potential of plants to adapt to fast environmental changes.
INTRODUCTION
Dormancy is a quantitative seed trait that defines the range of environmental conditions that must be met before germination can occur (Vleeshowers et al., 1995; Finch-Savage and LeubnerMetzger, 2006) . A seed able to germinate over the widest possible range of conditions is non-dormant; any narrowing of these conditions is by definition an increase in the level of seed dormancy. Dormancy levels vary temporally in any individual seed, most markedly in the case of physiological dormancy (sensu Baskin and Baskin, 2004) . Upon dispersal, these seeds show primary dormancy, either total (i.e. no germination under any conditions) or conditional (i.e. germination under a restricted set of conditions) (Baskin and Baskin, 1998; Fenner and Thompson, 2005) . This dormancy can be alleviated by certain environmental signals, the dormancy-breaking factors . In response to these factors, the seeds gradually lose dormancy and their range of germination conditions broadens (Steadman and Pritchard, 2004; Orrù et al., 2012) until eventually they become non-dormant. In some cases, the seeds that do not meet adequate germination conditions enter secondary dormancy as a response to further environmental cues (Brandel, 2005; Kepczynski et al., 2006; Leymarie et al., 2008) . These dormancy cycles (Batlla and Benech-Arnold, 2007 ) go on throughout the year, matching the annual temperature cycles, and have been termed the dormancy continuum (Baskin and Baskin, 1985) .
At any given time, spatial variation in seed dormancy can be observed among individuals and populations of the same species, as a consequence of different stages in the dormancy continuum. Variation becomes apparent not only in the dormancy levels, but also in the receptiveness to dormancy-breaking factors (Black et al., 2006) . Many studies have found dormancy variation among seed collections from different sites and years (Moyer and Lang, 1976; Andersson and Milberg, 1998; Schütz and Rave, 2003; Koutecká and Leps, 2009; Herranz et al., 2010) . These investigations have usually considered broad geographical scales, detecting changes in dormancy associated with latitudinal differences (Ren and Abbott, 1991; Skordilis and Thanos, 1995; Wagmann et al., 2012) . Similarly, a positive correlation between dormancy and population altitude has often been established (Vickery, 1983; Beardsell and Mullet, 1984; Holm, 1994; Cavieres and Arroyo, 2000) , but exceptions to this pattern have also been found (Barclay and Crawford, 1984; Giménez-Benavides et al., 2005) . Further dormancy variation has been detected among seed collections from different environments. For example, in Artemisia tridentata, a negative effect of the winter temperature on seed dormancy was described on a wide gradient along western North America (Meyer and Monsen, 1991) . Thymelaea hirsuta showed differences in the germinability of seeds collected in six different desert habitats, with lower germination in seeds from the more extreme sites (El-Keblawy et al., 1996) . Regional differences in climatic conditions, which vary with latitude/altitude and among habitats, are probably the cause of some of these correlations.
Field studies, however, cannot disentangle the long-and the short-term effects of climate. Long-term effects arise from sustained climatic differences among sites, which may result in inheritable dormancy differences through ecotypes (Hufford and Mazer, 2003) and clinal variation (Montague et al., 2007) . On the other hand, short-term effects are produced by the specific weather during the seed maturation season, and are usually termed the parental or maternal environment effect (Fenner, 1991; Donohue, 2009 ). This issue is partially addressed by common garden experiments, where seeds with controlled genetic origin are matured under controlled conditions. Such an approach has confirmed that low temperatures and water availability during seed maturation result in more dormant seeds (Wright et al., 1999; Allen and Meyer, 2002; Luzuriaga et al., 2006; Qaderi et al., 2006; Hoyle et al., 2008; Figueroa et al., 2010) . At the same time, work has been done to unravel the genetic basis of dormancy variation, understood as a complex quantitative trait controlled by a large number of genes, plant hormones and maternal factors (Koornneef et al., 2002) . In the model species Arabidopsis thaliana, variation in dormancyrelated genes (Bentsink et al., 2006 (Bentsink et al., , 2010 has been identified in relation to maturation environment, seed provenance (Chiang et al., 2011) and local adaptation (Kronholm et al., 2012) . Therefore, both inheritable genetic differences and the seed maturation environment seem to determine dormancy variation in the field, but understanding the respective roles of these two sources of variation is not trivial. In seasonal climates, germination traits allow a precise timing of seed germination and seedling establishment, are subjected to natural selection, and determine the action of natural selection in subsequent life history traits (Donohue, 2005; Donohue et al., 2005a, b, c) . Thus, ascertaining how seed dormancy responds to local climate in the short and the long term is crucial to understand how germination timing and plant regeneration will be affected by environmental change, especially climate warming (Walck et al., 2011; Ooi, 2012) .
The interpretation of local adaptation and clinal variation in A. thaliana and other widespread species, however, is often obscured because only part of the species distribution is studied; as a consequence, the influence of biogeographic and historical events (e.g. different colonization events by already adapted ecotypes) cannot be entirely assessed (Montesinos-Navarro et al., 2011) . One clear advantage of studying narrow endemic species is that biogeographical and historical influences are not substantial, and local adaptation can be assumed to have taken place in situ along the environmental gradient. Furthermore, the results obtained in plants with widespread distributions should not be directly extrapolated to the reduced geographical scales where some endemic species occur. One such species is the mountain spring specialist Centaurium somedanum, an endemic perennial herb of the Cantabrian Mountains of north-western Spain. The seeds of this species have non-deep simple morphophysiological dormancy; and the physiological component of this dormancy shows within-species variation at a local scale (Fernández-Pascual et al., 2012) . In this work, we separate the effects of environmental and genetic variability on the observed physiological dormancy variation of this species to test whether (1) the patterns of intraspecific variation in seed dormancy levels at dispersal and receptiveness to dormancy-breaking factors, shown by the populations in nature, are maintained or altered when the plants and the seeds mature in a common garden environment; (2) such patterns are correlated with the genetic composition of the original wild populations; and (3) such patterns may be explained by the local climate at the population sites.
MATERIALS AND METHODS

Plant material
Centaurium somedanum M.Laínz (Gentianaceae) is confined to a 210-km 2 mountain area (Jiménez-Alfaro et al., 2010) where discrete populations occur in close association with calcareous springs . The regional climate is transitional between Oceanic and Continental -Mediterranean zones, and the local climatic differences depend mainly on altitude (600 -1700 m a.s.l.) but also on the distance to the sea and the exposure of the mountain range (Rodríguez, 1985) . The reproductive output in nature is high, usually 2-4 fruits per individual with approx. 140 seeds each, although the number of fruits can reach up to 15 (Jiménez-Alfaro et al., 2005) . The proportion of viable seeds is usually .95 % (Fernández-Pascual et al., 2012) . The species is assumed to be a facultative outcrosser, as is common in the genus (Rich, 2005; Brys and Jacquemyn, 2011) . Flowering begins in early July, proceeds during summer, and ripe seeds are dispersed in September and October (Jiménez-Alfaro et al., 2010) .
In September -October 2009, we visited the 16 known populations of C. somedanum and took a census by direct counting of all the reproductive adults (i.e. individuals with flowers or fruits) living there at that moment (the initial parent generation, P) ( Table 1) . We collected leaf tissue for genetic analysis from these P individuals, sampling a number of adults proportional to the local population size and area of occupation (Table 1) , and evenly distributed across each site. Immediately after collection, we dried the leaves over silica gel in sealed containers and kept them there until further use. From 13 populations covering the entire distribution area of the species (Fig. 1) , we collected seeds (the first seed generation, F 1 ) sampling all P individuals with ripe fruits. The seed collections spent a 3 week period at moderate humidity (approx. 22 8C, 50 % relative humidity) in our laboratory to ensure a homogeneous maturation state before being cleaned and used in the germination experiments.
Germination and common garden experiments
We sowed seeds from all F 1 populations on 1 % distilled water agar held in 6 cm diameter Petri dishes (eight dishes with 25 seeds each per population), sealed with Parafilm to prevent desiccation. Half of the dishes (the fresh seeds) went immediately into the incubation conditions for germination to check dormancy at dispersal; the other half (the stratified seeds) were exposed to wet-cold stratification (12 weeks, 1 % agar, 3 8C, darkness) before being placed in the germination conditions, to assess their receptiveness to dormancy-breaking factors. The germination incubations were conducted in a growth chamber (Grow-S 360, Ing. Climas, Barcelona, Spain) programmed with a 12 h light/12 h darkness photoperiod (approx. 20 mmol m 22 s 21 during the light phase provided by six Philips TLD30W/54-765 cool fluorescent tubes) coupled with a 22/12 8C thermoperiod. These conditions promote C. somedanum germination once dormancy is broken (Fernández-Pascual et al., 2012 . Apart from the population-level germination, we analysed the germination of seeds produced by the same individual plant in four F 1 populations (CM, BR, PU and VA; three individuals per population), using the same germination protocol. During the incubations, we counted and discarded germinated seeds three times a week. Radicle protrusion was the criterion for germination. We terminated the experiments after 4 weeks and opened the non-germinated seeds with a scalpel, classifying them as normal, empty or fungus infected. We excluded the empty (1 . 3 + 0 . 3 %) and infected (1 . 0 + 0 . 2 %) seeds from the statistical analyses and the calculation of germination percentages.
At the end of the F 1 germination experiment, we chose a reduced sample of seven populations (covering the entire distribution area, Fig. 1 ) and grew their seedlings in a common garden experiment to produce a second seed generation (the F 2 ). To prevent an artificial selection of less dormant genotypes, we left the F 1 stratified seeds for an additional 10 weeks in the germination incubations, until at least 80 % of the seeds had germinated. We planted the seedlings in 5 cm 3 plastic pots containing standard growth medium (Sustrato Universal, Pons Agropecuaria S.L., Madrid, Spain), and kept them saturated in water in a greenhouse at approx. 20 8C during their first summer. In September 2010, we randomly selected 20 plants per population, transplanted them to 10 cm 3 plastic pots with the same medium and carried them to an open air garden (Jardín Botánico Atlántico, Xixón, Spain) to meet the vernalization requirement for flowering. This garden is 70 km away from the original populations, at sea level, and its climate is warmer (Table 1) , making any possible seed maturation environment effects on dormancy more evident. We placed the pots in floating trays (one tray per population) inside a pool protected from the wind and constantly inundated by rain water to represent the original spring habitat. Periodically we changed the position of the trays in a random way. Shortly before flowering (May 2011), we covered each tray with a white nylon mesh to prevent interpopulation pollination. In July 2011, we collected the ripe F 2 fruits and used them in a new population-level germination experiment with the same conditions as for the F 1 . We analysed the patterns of dormancy variation in the seven populations represented in the common garden by (1) fitting a linear regression between the F 1 and F 2 germination percentages per population; and (2) fitting a factorial generalized linear mixed model (GLMM, logit link function, binomial distribution) to the germination data with stratification (yes/no) and seed generation as fixed predictors, and population as a random factor. We performed these tests with the SPSS Statistics 20 software (IBM, Armonk, USA).
Genetic analysis
For DNA extraction, we used the cetyltrimethylammonium bromide (CTAB) 2× method as modified by Caujapé-Castells et al. (2011) . We quantified the extracted DNA concentration using a Biophotometer (Eppendorf, Hamburg, Germany) and deposited aliquots of the DNA extracts in the DNA Bank of the Jardín Botánico Canario 'Viera y Clavijo'-Unidad Asociada CSIC, Cabildo de Gran Canaria. Afterwards we conducted an intersimple sequence repeat (ISSR) PCR using eight different 3'-anchored universal primers described in Meimberg et al. (2006) (Table 2) , including two primers instead of one in the amplification reactions to increase the number of PCR fragments. Each 25 mL reaction volume contained 2 . 5 mL of 10× PCR buffer (100 mM Tris -HCl, 15 mM MgCl 2 , 500 mM KCl), 1 mL of bovine serum albumin (BSA; 20 mg mL 21 ), 0 . 5 mL of dNTPs (10 mM each), 0 . 5 mL of each primer (10 mM), 0 . 3 mL of Roche Taq DNA polymerase and 1 mL of DNA (20 ng). The amplification reactions were carried out using a C1000 Thermal Cycler (Bio-Rad, Hercules, USA) with the following PCR profile: (1) 94 8C for 2 min; (2) 35 cycles at 94 8C for 1 min, specific annealing temperature for each primer (Table 2) for 1 min, 72 8C for 1 min; and (3) final extension at 72 8C for 5 min. Afterwards we electrophoresed 5 mL of the PCR products on 1 . 8 % agarose gels stained with SyBr Safe DNA Gel Stain (Life Technologies, New York, USA) during 1 . 5 h at 100 V in 1× TBE buffer. We visualized and photographed the gels using an AlphaImager EP imaging system (Cell BioSciences Inc., Santa Clara, USA). The 100 bp ladder H3 RTU (Nippon Genetics Europe GmbH, Düren, Germany) provided DNA fragment size verification. Amplification fragments on the gels had a variable length between 150 and 1700 bp. We manually constructed a binary 0/1 matrix based on the absence/presence of the DNA bands; the final matrix included 54 diallelic loci and 324 individuals.
We performed a principal co-ordinate analysis (PCoA) of this binary matrix, based on the Euclidean distance (as implemented in PAST; Hammer et al., 2001) , to represent the genetic relationships among populations and individuals (hereafter referred to as genetic composition). This technique reduces the complex multidimensional variability of a given matrix in two or more dimensions or ordination axes (Leps and Smilauer, 2003) . Because of their capability to represent genetic differentiation, ordination axes obtained from a neutral loci matrix can be used to assess correlations between genetic composition and other variables (Lee and Mitchell-Olds, 2011; Treier and Müller-Schärer, 2011) . Here, we used the population and individual values from the first PCoA axis (Table 1) to test possible correlations between seed dormancy and genetic composition. We fitted binary logistic regressions between the germination results (separately per generation and fresh/stratified seeds) and the mean value of the P populations in the first PCoA axis. When germination data per individual plant were available, we repeated the binary logistic regression using the individual values in the genetic axis, and including the population of origin as a random factor. We performed these tests with SPSS Statistics 20.
Climatic models
To determine if dormancy variation could be predicted from the local environment of the original wild populations, we fitted main effects GLMs to the germination results (separately per generation and fresh/stratified seeds), using the local values of annual temperature and summer precipitation as predictors. Data from neighbouring climate stations were extrapolated to obtain the local values at each site (Table 1 ; Sánchez Palomares et al., 1999). These variables reflected long-term differences among sites, as they were obtained averaging 50 years of measures. We also included population size (reproductive adults) in the models to control demographic and sample size effects in germinability. The populations were not spatially autocorrelated for any of the three variables, considering either all the populations or only the ones in the common garden; the same was true for the model residuals (in all cases P . 0 . 05, Moran's I-test computed using ArcGis v9 . 3, Esri, Redlands, USA). The three explanatory variables were not significantly correlated according to the Pearson test (P . 0 . 05) and their variance inflation factor was ,2. We fitted the models using a forward/backwards stepwise variable selection procedure with Akaike's information criterion (AIC) as implemented in the R-Commander package (v1 . 5-3) for R (v2 . 10 . 1, The R Foundation for Statistical Computing).
RESULTS
Seed dormancy patterns
When analysing the results for the seven populations represented in the common garden, we found the same pattern of dormancy variation in both seed generations, with seeds from higher altitude populations showing higher dormancy (Fig. 2) . The patterns of the two generations were significantly correlated (Fig. 3) , i.e. the populations that were more dormant in the F 1 were also the more dormant ones in the F 2 . The GLMM nevertheless detected significant differences between the two seed generations (F ¼ 6 . 512, P ¼ 0 . 012), as on average the F 2 was 9 percentage points ( pp) more dormant than the F 1 in fresh, but 26 pp less dormant after stratification.
Stratification produced a significant dormancy release in both generations (F ¼ 654 . 541, P , 0 . 001), but not enough to break dormancy completely in most populations (Fig. 2) . The dormancy-breaking effect of the stratification was significantly higher in the F 2 (70 pp germination increase vs. 37 pp in the F 1 ), as shown by the significant interaction between seed generation and stratification (F ¼ 107 . 348, P , 0 . 001).
Correlation with the genetic composition
The population-level dormancy patterns of the seeds were significantly correlated with the genetic composition of the wild populations of origin, except in the case of the stratified F 1 seeds (Fig. 4) . Two population groups could be identified in the scatter plots, especially within F 1 plants: (1) the four southeastern populations (AR, MA, TE and TR), more genetically divergent from the rest, displayed high dormancy in fresh seeds and a parallel decrease after stratification; and (2) the rest of the populations, which formed a genetically closer group, but showed a higher variation in dormancy, both in fresh seeds and after stratification. When analyses at the individual level were performed with the F 1 seeds, the genetic composition of the mother plants was also significantly correlated with the dormancy of the seeds they produced, even after ruling out the differences due to the population of collection, both in fresh (F ¼ 3 . 847; P , 0 . 001) and stratified (F ¼ 2 . 990; P ¼ 0 . 004) seeds.
Effect of the local climate
The climatic variables significantly explained the dormancy patterns of fresh and stratified seeds from both generations ( Table 3 ). The selection procedure included all the variables in the final GLMs, except for summer precipitation in the Fresh-F 2 model, although population size in the Stratified-F 2 model was not significant at the 5 % level (P ¼ 0 . 053). The models explained a greater portion of the variance and were more informative in the fresh seeds of both generations, where annual temperature and population size were the main variables. In the Stratified-F 1 model, all variables shared a similar percentage of explained variance. The Stratified-F 2 model was less informative, and in this case summer precipitation became the main explanatory variable. In all cases, annual temperature and summer precipitation had a negative effect on dormancy, while population size had a positive effect. Table 1 ). 
DISCUSSION
Seed dormancy in C. somedanum exhibits a cline along a local gradient of altitude and climate, and this cline is related both to genetic composition and to the seed maturation environment. Although the general field cline is maintained when the plants and the seeds mature in a common garden, we found certain differences that can be explained by the maturation environment. Being at sea level, the common garden is 6 8C warmer than the original sites as well as frost free for almost the whole year, so the plants and seeds would perceive an extraordinarily warm 
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year. The populations of C. somedanum show a fixed 'baseline' level of dormancy at dispersal, as revealed by the high levels of dormancy found in the common garden fresh seeds, even higher than in the natural populations. However, the same populations react to the environment during seed maturation and their dormancy release after stratification is more pronounced in the common garden, i.e. they are more receptive to dormancybreaking factors. This behaviour agrees well with what was found by Chiang et al. (2011) in A. thaliana, where both the population of origin and the temperature during seed maturation influenced the levels of dormancy and the expression of a gene which controls dormancy variation in nature. The fact that field and common garden seeds exhibited similar patterns of variation in seed dormancy suggests a genetic basis accounting for dormancy in this set of populations. Such a possibility is further supported by the correlation between the patterns of variation in the phenotypic trait of interest (seed dormancy), and the pattern of underlying neutral genetic variation shown by the first PCoA axis. However, since our genetic analysis characterized neutral variation, and not variation in adaptive dormancy-related genes, support for a genetic basis of seed dormancy must be considered indirect. The lack of correlation precisely in the F 1 stratified seeds provides supplementary evidence of the influence of the seed maturation environment on the receptiveness to dormancy-breaking factors. While in the stratified seeds of the F 1 the different field maturation environments produced the greatest departures from the fixed dormancy cline, in the F 2 the common environment made the cline more evident. A similar correlation between genetic variation and dormancy-related seed traits along a regional climatic gradient has been found in the widespread species A. thaliana (MontesinosNavarro et al., 2012) and Beta vulgaris L. (Wagmann et al., 2012) , and our study suggests that the same adaptive processes operate at reduced geographical scales.
Nevertheless, non-genetic persistent parental effects (Rossiter, 1996) coming from the F 1 seed maturation environments in the field cannot be entirely excluded. Alexander and Wulff (1985) reported such behaviour in Plantago lanceolata L., where high temperatures during the F 1 seed maturation produced less dormant F 1 seeds but more dormant F 2 seeds, although their study was inconclusive as this only occurred in one of the genetic lines they studied. In any case, it is difficult to see how the possible F 1 parental effects could be so strongly expressed above the homogenizing F 2 seed maturation environment without an underlying genetic basis for the cline.
Future work analysing the genetic regulatory pathways for seed dormancy in this species is nonetheless needed to confirm this genetic basis. To this end, new generations must be produced in controlled common garden conditions, in order to minimize undesirable environmental variability and better quantify the effects of the seed maturation environment and the genetic lines. In this work, our goal was to capture phenotypic field variation in conditions close to natural conditions and, as a consequence, environmental influences were considerable. Even so, our results generally agree with those obtained in more controlled experimental settings (Chiang et al., 2011; Kronholm et al., 2012) .
The story behind dormancy and genetic variation, however, seems to be more complicated than a linear relationship. Fixed local adaptation is expected when the environmental variation is at a greater spatial scale than gene flow, while the opposite situation would favour plasticity through parental environment effects (Galloway, 2005) . It is possible that in C. somedanum local adaptation explains dormancy differences among genetically isolated groups, while the seed maturation environment plays a main role within those groups. The four easternmost populations (AR, MA, TE and TR) are genetically distant from the rest and, in the case of MA, TE and TR, live at the highest altitudes and at the more continental sites, secluded from the majority of the populations by the highest peaks of the area. The germination of these four populations shows similarities, with total or nearly total dormancy at dispersal and a similar receptiveness to dormancy-breaking factors. Meanwhile, the rest of the populations form a genetically homogeneous group and exhibit the altitudinal cline in dormancy at dispersal, but their receptiveness to dormancy-breaking factors varies from a null response in BR to a large germination increase in CU.
Another departure from a linear relationship is the extraordinary low dormancy in AG, which is also one of the smallest populations, with 12 reproductive adults, and may be the consequence of a recent colonization of AG by low dormant genotypes. Indeed, the AG population is largely responsible for the important effect of population size in the predictive models, where bigger population sizes correlate with lower seed germination. This relationship is contrary to what could be expected if the demographic effect was related to a reduction of germinability produced by reduced fitness and higher inbreeding depression in the smaller populations (Heschel and Paige, 1995) . If the AG data are removed, the population size effect is much reduced in the F 1 models and completely disappears from the F 2 models.
Regardless of population size, the dormancy cline found in C. somedanum is related to the local variations in climate. Correlations between higher altitude sites and higher dormancy levels have usually been reported at broader geographical scales (Vickery, 1983; Beardsell and Mullet, 1984; Holm, 1994; Cavieres and Arroyo, 2000) . In our case, the sites with lower annual temperatures and summer precipitation produce seeds with higher dormancy levels. The effect of temperature is in agreement with the results reported by Fenner (1991) and Fenner and Thompson (2005) in their reviews of seed maturation under controlled conditions experiments, as well as the behaviour found in the field by Meyer and Monsen (1991) . In the case of C. somedanum, the plants growing at lower altitudes, under a generally milder climate, produce seeds that will germinate earlier, benefiting from a longer growing season. Plants from higher altitudes, where winters are harsher, produce seeds which will not germinate until the unfavourable season is over. This work cannot definitely determine that local adaptation is behind the cline, as that would require reciprocal transplant experiments and fitness measures. Nonetheless, a correlation between an environmental factor and a cline in a trait hypothetically related to fitness in response to that factor may be regarded as a clue of such adaptation (Montesinos-Navarro et al., 2011) .
The ecological meaning of the summer precipitation effect, on the other hand, is less evident, especially due to its secondary role in comparison with temperature. Most experiments on seed maturation under controlled conditions actually reported a positive correlation between water availability and dormancy (Allen and Meyer, 2002; Hoyle et al., 2008) . Studies performed with the weed Sinapis arvensis L. hypothesized that adequate soil moisture during seed maturation results in more dormant seeds because better developed seeds are produced (Wright et al., 1999; Luzuriaga et al., 2006) , but in the spring habitats occupied by C. somedanum water availability should not be a limiting factor. However, precipitation may affect the plant through air humidity or the alteration of the water regime and the courses of the springs to which C. somedanum germination is especially adapted (Fernández-Pascual et al., 2012) .
In conclusion, our study shows that seed dormancy has the capacity to adapt, even at reduced local scales, to long-term climatic differences through inheritable clinal variation; but also to adjust itself to the weather during seed maturation especially through the receptiveness to dormancy-breaking factors. The processes behind phenotypical plasticity in dormancy which have been detected at broad scales and in widely distributed species (Chiang et al., 2011; Montesinos-Navarro et al., 2012; Wagmann et al., 2012) seem to operate as well at local scales and in narrowly distributed taxa. Therefore, the risk of plants not being able to match their dormancy-breaking requirements as a consequence of the global increase in temperature (Ooi et al., 2009; Orrù et al., 2012) is lessened. The very presence of intraspecific variation on such a reduced scale highlights the great potential of physiological dormancy to adapt to fast environmental changes in time and space.
